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Introduction. The cargo frame is a load-bearing element of the car, since the body and chassis are installed on it. 
Therefore, high strength requirements are imposed on this node. For safe and reliable operation of the truck, the frame 
must be adjusted and balanced, since even minor changes in the geometry can negatively affect the overall condition 
and safe operation of the equipment. This article discusses methods for lengthening the load-bearing elements of trucks 
on the example of a light-duty car "GAZelle". 

Problem Statement. Car frame extension is a high-tech process that requires high precision, knowledge, and the use of a 
wide range of equipment. The extended frame adds a number of advantages to the car, which in turn makes it possible 
to transport cargo with larger dimensions. The main goal of this work is to enable the car to transport bulky cargo. Also, 
in the process of extending the frame, it is checked for cracks, breaks and corrosion foci and, if necessary, repairs are 
made, which increases the reliability, safety and service life of the entire structure as a whole. 

Theoretical Part. When extending the standard support, all attachments are removed from the car: fuel tanks, body, 
transmission, drive shaft. All that remains is the cab, the bridge, and the engine. Then the frame is cut in three places. 
Two cuts are made at a distance of 80 cm in the direction from the cab to the rear bridge, and the last one is made at a 
distance of 40 cm from the rear bridge in the direction of the rear overhang. Then a longer channel is installed on the 
frame. It is secured with rivets, bolts, or lap welding. After that, the structure is assembled back. This takes into account 
the redistribution of loads and the need for high-quality performance of all types of work. 

Conclusion. The frame is an integral part of not only trucks, but also an important component of passenger cars, as well 
as light-duty vehicles. Its technical condition is just as important as the condition of, for example, the braking system, as 
it also ensures the safety of both the driver and pedestrians. The lengthening of the frame in the conditions of repair and 
mechanical enterprises allows you to increase the load capacity of serial cars of the GAZelle series while ensuring their 


reliability and safety. 
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Introduction. The car frame is the basic element that takes the load transmitted to the suspension. It is 
designed for mounting the main units and mechanisms. Cars with a short frame are in less demand than cars with an 
extended design of this basic part. Since most cargo transportation is designed for large-sized cargo, there is a need for 
cars with a longer body. Many of these needs are not met by manufacturers, so extending the frame in repair companies 
is the best technical solution. 

The designs of such units can be divided into two types. The first is in the form of an elongated car body, used 
for passenger cars. The second — in the production of frame machines that transport bulky cargo. There are several 
types of car frames: ladder frame, backbone frame, fork-backbone frame and tubular frame. The advantages of such 
structures include uniform load distribution at road obstacles, ease of assembly, repair and maintenance of such 


vehicles, and increased passive safety [1]. 


° S-yJyournal.ru 39 


Safety of Technogenic and Natural Systems 





The main goal of this work is to improve the operational capabilities of the car, as well as to increase the 
reliability and safety of the structure by lengthening the serial small-sized frame. The frame is the most important part 
of the car, so high quality is required when upgrading it. 

The lengthening of the frame does not lead to an increase in its load capacity, so interference with other vehicle 
systems (chassis, brake system, springs, and wheels) is not required, and the safety and reliability of these systems are 
preserved. The upgraded frame will allow you to install a longer body on it, as a result of which the car will be able to 
transport large loads [2]. 

During the lengthening process, the geometry is maintained, all threaded connections are checked for integrity, 
and welded joints are subjected to thermal and mechanical treatment. The complex of these measures significantly 
increases the reliability and safety of the car as a whole. 

Problem Statement. On many light trucks, the body is a supporting structure. It combines a number of 
powerful side panels that transmit the entire load. But on Russian cars of the GAZelle series, the load goes to the frame. 
In the last century, passenger cars designed on a frame were very popular. This was a classic assembly configuration 
[3]. But over time, the popularity of cars mounted on a load-bearing frame decreased due to the increase in the cost of 
such structures. Currently, only some SUVs and commercial vehicles with a load capacity of one and a half tons or 
more are equipped with frames. In this article, the modernization of frames is considered in relation to cars of the 
GAZelle series, the characteristics of which are shown in table 1. 


Table 1 


Characteristics of GAZelle cars 


Rear 
Basic frame Wheelbase, 
Car model Capacity, kg Car weight, kg overhang, 
length, mm 
mm 


GAZ 3302- | GAZ 3302-216 | | 1500 | 4800 | 2980 | 2900 | 1580 


Bein NEXT ———— | a 3 a ae 
GAZ 33023 1800 4800 3200 2900 1550 


Figure | shows a general view of the frame of the GAZelle car. It is made of thick-walled steel and combines 





two longitudinal channels. To give the structure rigidity, especially for torque effects, it has transverse elements made 
of pipe. In addition, the frame has two subframes. The first is for engine safety; the second contains rubber buffers and 
serves to support the gearbox [4]. Buffers are designed to dampen vibrations that are transmitted to the frame and body 
during vehicle operation. The frame design includes a suspension for the power take-off shaft. The frame has holes that 
serve to fix the interior on rubber shock absorbers, fixing the fuel tank, brake lines and other suspension elements. A 
wooden beam is placed as a buffer between the frame and the bottom of the cab body. It effectively dampens the impact 
that occurs when driving on uneven roads, and also does not allow the body to move on the surface of the frame. 


Otherwise, the body will wear out quickly [5]. 
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Fig. 1. General view of the frame of the GAZelle car 


Let us consider the structure of the standard frame (Fig. 2), which is installed on the GAZelle since 1994. The 
most loaded elements of the frame are the frame rails 5 and 17, connected by crossbars 1, 3, 7, 8, 11, 12, 14, 15. 
Fastenings of crossbars, especially with the use of angle braces 9 and 10, provide rigidity of the structure. The rear 
crossbar is provided with a brace 13. There are brackets 2, 4, 6, 18-22 on the frame to mount car components: power 
unit, front suspension, shock absorber, radiator, and buffer. The equalizing beam suspension supporting bracket is 
provided with a gasket 16. 

Frame length is 4.84 m; width is 1.12 m;height is 0.29 m; and weight is 128 kg. The frame is designed for 
installation of a three-seat cab and a three-meter body. The maximum length of the body superstructure is 3.2 m. 
However, most car owners ignore the last parameter and install a 3.5-meter body on the frame without extending it. As 
a result, a longer body forms an additional load not only on the frame, but also on the car as a whole, the load on the 
rear axle increases, the car becomes less stable and safe on the road, and the car's maneuverability decreases [6]. To 
install a 4-meter body, you should install the factory frame with a length of 5.85 m. 

Theoretical Part. The principle of lengthening a short standard frame is quite simple. All attachments are 
removed from the vehicle: tanks, body, gearbox, and driveshaft. All that remains is the cab, the bridge, and the engine. 
Then the frame is cut in three places (Fig. 3). Two cuts are made between the rear axle and the cab, and the last one is 
made in the rear of the frame. Then the lengthening channel is fixed to the frame using rivets, bolts, or lap welding. 
After that, the gearbox, fuel tanks, and specially extended driveshaft are re-installed [7]. 


Figure 4 shows the frame of the GAZelle NEXT car after its extension. The most appropriate solution is to 
upgrade the factory frame. Its width and length remain unchanged, and the thickness of the spars increases. The essence 
of the reinforcement is to install additional rolling profiles on the factory element. Various types of compounds can be 
used [8]. 





Fig. 2. Frame structure of the GAZelle car 
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Fig. 3. Places, where the frame of the GAZelle NEXT car is cut 
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Fig. 4. Lengthened frame of the GAZelle NEXT car 


Often, one of the most common causes of frame deformation is the following errors in its design: 
— steel grade mismatch to vehicle operating loads; 
— plant savings on additional materials that strengthen the frame structure; 


— mismatch of the thickness of the structural elements of the frame (spars, traverses, belts, etc.) to the working 


loads. 


The usual GAZelle car, for example, GAZ 3302-216, has a load capacity of one and a half tons. The purpose of 
reinforcing the frame is to increase this parameter. Car owners expect that the GAZelle will be able to carry 2.5 or more 
tons, while the frame will withstand such a load. However, it is necessary to take into account the load-bearing capacity 
of other elements, especially the rear axle, suspension and clutch. The standard gearbox of the GAZ 3110 car, which is 
installed on the GAZelle, is not designed for the increased load capacity. The clutch disc may also fail in this case. In 
this situation, the transmission wears out, the bridge is overloaded, and the wheels fail when driving with obstacles. 
From this we can conclude that even with a reinforced frame the GAZelle is not able to carry more than specified in the 
manufacturer's specification. This is also confirmed by the fact that on the extended industrial versions of the car, the 
standard load capacity is 100-150 kg less than for conventional structures, since the lengthening of the body increases 
the vehicle's own weight. Therefore, lengthening the frame by welding is a dubious choice, and if you transport loads, 
they are light and bulky. The customer pays a significant surcharge for the transportation of high-volume cargo. Often, 
the extended GAZelle accepts cargo of the foam type at 5-ton tariffs. 

Conclusion. The frame is an important part of not only trucks, but also passenger cars. Its technical condition 
is Just as important as the condition of, for example, the braking system, as it determines the safety of both the driver 
and pedestrians. Now it is becoming more and more relevant to strengthen and lengthen the frames of trucks. The 


principle of lengthening a standard frame is quite simple. All attachments are removed from the vehicle: tanks, body, 
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gearbox, driveshaft, etc. All that remains is the cab, the bridge, and the engine. Then the frame is cut 1n three places and 
a lengthening channel is installed. However, its installation is accompanied by welding or the use of additional fastening 
elements. It should be noted that such units can be attributed to stress concentrators, so, when performing such work, 


due attention should be paid to the strengthening of these units. 


References 
1. Porter L. Avtomobil'nye kuzova: Rukovodstvo po remontu [Car bodies: repair guide]. Moscow: Alfamer 


Publishing, 2007, 276 p. Available from: https://www.studmed.ru/porter-lindsi-per-avtomobilnye-kuzova-rukovodstvo- 





po-remontu_76ccb1d25e2.html (Accessed 20th October 2020). (in Russ.). 

2. Isaev A. G. Raschet parametrov sherokhovatosti poverkhnostey pri obrabotke detaley shariko-sterzhnevym 
uprochnitelem [Calculation of surface roughness parameters when processing parts with a ball-rod hardener]. 
Sostoyanie 1 perspektivy razvitiya sel'skokhozyaistvennogo mashinostroeniya: sb. st. 8-1 mezhdunar. nauch.-prakt. konf. 
v ramkakh 18-1 mezhdunar. agroprom. vystavki Interargomash-2015 [State and prospects of development of agricultural 
engineering: proceedings of the 8th international scientific and practical conference in the framework of the 18th 
international agricultural-industrial exhibition Interargomash-2015]. Rostov-on-Don, 2015, CD 1. (in Russ.). 

3. Isaev A. G., Drobotov A. A. Metody uprochneniya detaley pri remonte nesushchikh sistem avtomobiley 
[Methods of strengthening parts in the repair of load-bearing systems of cars]. Nazemnye transportno-tekhnologicheskie 
kompleksy 1 sredstva: mater. mezhdunar. nauch.-tekhn. konf. [Ground transport and technological complexes and 
facilities: proceedings of the international sci-tech. conf.]. Tyumen: Publishing house of Industrial University of 
Tyumen, 2018, p. 122-125. (In Russ.). 

4. Drozd M. S. Opredelenie mekhanicheskikh svoystv metalla bez razrusheniya [Determination of mechanical 
properties of metal without its destruction]. Moscow: Metallurgiya, 1965, 172 p. (In Russ.). 

5. Filatov V.I. Plastmassy v priborakh 1 mekhanizmakh [Plastics in devices and mechanisms] Leningrad: 
Mashinostroenie, 1983, 270 p. (in Russ.). 

6. Korotkiy A. A., Isaev A. G., Dolmatov M. S. Uprochnenie svarnykh soedineniy pri remonte ram gruzovykh 
avtomobiley [Strengthening of welded joints when repairing truck frames]. Aktual'nye problemy nauki 1 tekhniki: 
mater. natsion. nauch.-prakt. konf. [Actual problems of science and technology: proceedings of national scientific- 
practical conf.]. Rostov-on-Don: DSTU Publishing house, 2019, p. 468-469. (In Russ.). 

7. Kudryavtsev I. V. Vnutrennie napryazheniya kak rezerv prochnosti v mashinostroenti [Internal stresses as a 
strength reserve in mechanical engineering]. Moscow: Mashgiz, 1951, 278 p. (In Russ.). 

8. Osepchugov V. V., Frumkin A. K. Avtomobil': Analiz konstruktsi, elementy rascheta: Uchebnik dlya 
vuzov [Car: Analysis of structures, elements of calculation: Textbook for high schools]. Moscow: Mashinostroenie, 


1989, 358 p. (In Russ.). 


Submitted 02.09.2020 
Scheduled in the issue 09.10.2020 


° S-yJyournal.ru 43 





safety of Technogenic and Natural Systems 





Authors: 

Dolmatov, Mikhail S., Master's degree student, Department of Operation of Transport Systems and Logistics, 
Don State Technical University (1, Gagarin sq., Rostov-on-Don, 344003, RF), ORCID: https://orcid.org/O000-0003- 
4348-5565, seedkeed @ gmail.com 


Ivanov, Sergey A., Master's degree student, Department of Operation of Transport Systems and Logistics, Don 


State Technical University (1, Gagarin sq., Rostov-on-Don, 344003, RF), ORCID: https://orcid.org/OQ000-0002-1924- 
3091, ivanovsergal998 @mail.ru 


Isaev, Aleksandr G., Associate professor, Department of Operation of Transport Systems and Logistics, Don 
State Technical University (1, Gagarin sq., Rostov-on-Don, 344003, RF), Cand. Sci., ORCID: https://orcid.org/O000- 
0001-8986-7353, Isaev278 @mail.ru 


Contribution of the authors: 
M. S. Dolmatov — collection of source material, preparation of the text, formulation of the theoretical part of 
the work, correction of conclusions; S. A. Ivanov — participation in production research, processing and registration of 


results; A. G. Isaev — scientific supervision, formulation of the main concept, goals and objectives of the study, 


formulation of conclusions. 





